In sub-Saharan countries, where a large number of populations depend on unsafe water, household water treatment is the recommended means to reduce diarrhea. However, the practice in the region is very low. The current study is intended to assess the households' water treatment using adequate methods, boiling, adding bleach, filtration and solar disinfection, and associated factors in the region which will be an input to design and implement intervention strategies. The Demographic and Health Survey (DHS) data conducted from 2013 to 2016 in 23 sub-Saharan countries were obtained from the DHS program and weighted using the 'svy' command for analysis. The households' reported use of treatment methods and associated factors were analyzed using log-binomial regression. In total, 357,979 households were included in the analysis of which 29% used unimproved water for drinking purposes. Households reportedly treating water in the region were 22% and those who used adequate treatment methods were 18%. The households' reported use of adequate treatment methods was statistically associated with household head education, owning a radio and wealth quintiles. The treatment methods' use is low in the region therefore intervention on wide-scale use should be designed and implemented.
INTRODUCTION
Globally, 663 million people depend on unimproved sources and about 2.1 billion use contaminated water (WHO/ UNICEF ). In addition, there is a range of studies that show post-collection contamination of water, despite their collection from improved sources (Bain et al. ; Shaheed et al. ) . In sub-Saharan Africa, only 41% of the population uses a water source that is free from contamination and only 24% use safely managed water sources (WHO/UNICEF ).
Diarrhea continues to be the leading cause of mortality and morbidity in the world with the highest share in the least developed countries (WHO/UNICEF ; Troeger et al. ). A recent study shows that it is the eighth leading cause of death for all age groups and the fifth leading cause in children below five years (Troeger et al. ) . In sub-Saharan countries, where the disease burden is high, the proportion of morbidity in the age group of below five This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY-NC-ND 4.0), which permits copying and redistribution for non-commercial purposes with no derivatives, years ranged from 10 to 35% (Bado et al. ) . Lack of safe water is one of the leading risk factors for diarrhea to occur (Troeger et al. ) .
Household water treatment coupled with safe storage can reduce the risk of diarrheal disease (WHO ).
Water treatment at the household level can also minimize the risk of recontamination that even improved water supply can present (Wright et al. ) . The household treatment methods recommended to be used are different chlorine-based disinfectants, filtration, solar disinfection, and boiling (Sobsey et al. ) . In regions like sub-Sahara, where the provision of improved water to all segments of the population is a challenge, the wide-scale use of the treatment methods at the household level is anticipated to reduce the burden of diarrhea associated with unsafe water use (Rosa & Clasen ) . However, only a small number of households used it, and the consistency in use is dropping over time (Waddington et al. ; Brown & Clasen ) . Only 18.2% of households in Africa treat water at the household level despite the fact that it is a region with the highest number of populations dependent on unimproved water sources (Rosa & Clasen ; WHO/ UNICEF ).
Thus, in the region where nearly 60% of populations and about 24% of the population respectively use improved and safely managed drinking water sources (WHO/ UNICEF ), facilitating households to use adequate water treatment methods is imperative to reduce the associated health problems. This can be ensured through identifying and addressing factors associated with use. In this regard, a few independent studies using Demographic and Health Survey (DHS) data were conducted to indicate the household treatment practices and associated factors (Wright & Gundry ; Geremew et al. b) . The current study is, therefore, intended to assess the households' reported use of adequate water treatment methods and associated factors using the DHS data in the region from 2013 to 2016. The findings would help policymakers and other stakeholders to design and implement appropriate strategies for wide-scale use of the treatment options.
METHODS

Data source
We used the data of DHS conducted between 2013 and 2016/ 17 in 23 countries. Namely, Angola, Benin, Burundi, Chad, 
Study variables
In the DHS, households were asked about water treatment practices at the household level using the statement 'Do you do anything to make water cleaner before drinking it?' Those households responded 'yes' to the question were asked about the type of treatment methods they reportedly used. The outcome of this study was, therefore, the households' reported use of adequate water treatment methods.
The categorization of households into a reported user of adequate treatment methods or not is based on the response of households to the DHS questions 'What do you usually do to make the water safer to drink?' Households reportedly used either bleach, boiling, filtration and solar disinfection (SODIS) or all (WHO & UNICEF ) and were considered as a reported user of adequate treatment methods and non-user otherwise. Thus, households in each country reportedly using either or all of the mentioned treatment methods were considered a yes (1) and no otherwise (0 ¼ if the household had used none of them).
Although the factors associated with the use of water, sanitation, and hygiene technologies are various, categorized into contextual, psychosocial, and product-related (Dreibelbis et al. ) , only contextual factors are available in the DHS data and these were considered for the current analysis. They are education status of household head, presence of children below five years in the house, owning radio and television, wealth categorized into five quintiles (poorest, poorer, middle, higher and highest), type of water source (improved versus unimproved), and residency (urban, rural) . The data of associated factors were taken directly as they were in the DHS data set. The method of analysis for variables such as wealth quintiles was based on the PCA using the household assets as indicated elsewhere (Croft et al. ) . We categorized some variables such as drinking water sources as improved and unimproved following the WHO/UNICEF guide (WHO & UNICEF ).
Data analysis
The 'svy' command in Stata 14.0 (Stata Corp, College Station, Texas, USA) was used to weight the survey data for the adjustment of cluster sampling design in the merged data set of 23 countries. The weighted data were analyzed descriptively using frequency and percentage. We used the prevalence ratio (log-binomial regression) to determine associated factors with households' reported water treatment as the odds ratio overestimates the factors when the outcome of interest exceeds 10% prevalence (in our case 18%) (Greenland ). Bivariate regression was applied to determine the unadjusted effects of each of the variables on household water treatment. We then subsequently included the variables for multivariable regression to assess the independent effect after controlling other variables. The significant association of predictor variables was considered at p-value <0.05. Multicollinearity diagnostic was conducted to check the interaction of factors and exclude using the variance inflation factor of greater than 10. Table 2 shows the characteristics of households surveyed in the region. More than 60% of households resided in rural areas, 45% of households owned a radio and 29% owned a television.
RESULTS
Household number and survey year
Characteristics of households
More than a quarter of households of the 23 countries use unimproved drinking water sources and about one-fifth of the households walk for more than 30 minutes to collect water.
Household drinking water sources and treatment practices Figure 1 shows the drinking water sources and water treatment practices. In total, 103,109 households (29%) used The high number of reported use of bleach was indicated in Liberia and the lowest was in Burundi. Of the adequate treatment methods, SODIS is reportedly used by a small number of households and is never used in three countries (Burundi, Lesotho, and Namibia). Let it stand and settle and cloth straining respectively ranked third and fourth for the households in the region (Figure 2) . Factors associated with household water treatment using adequate treatment methods
The binary log-binomial regression shows that the proportion of households that used adequate treatment methods was higher among those households that owned a radio, a television, had an educated household head or were in the richer and richest wealth quintile. On the other hand, the ratio of adequate water treatment use between households that depend on improved and unimproved water sources did not vary significantly. In addition, there is no significant difference among households of having children under five years old and dwelling in urban or rural areas in the reported use of adequate treatment methods (Table 4 ).
The multivariable regression indicates that the proportion of households using adequate treatment methods to treat the water at the household level is significantly associated with owning a radio (ARR ¼ 1.17, 95% CI ¼ 1.01, 1.36). The number of households using adequate treatment methods in the richer and richest wealth quintiles is respectively 2.57 (95% CI ¼ 1.77, 3.75) and 3.87 (95% CI ¼ 2.19, 6.84) times higher compared to those households in the poorest wealth quintile (Table 4 ).
DISCUSSION
The overall reported water treatment at the household level in 23 countries was 22% and the reported water treatment using adequate methods was 18%. Based on the water sources that households depend on, 22 and 21% respectively were the number of improved and unimproved water source users reportedly treating water. Our finding was inconsistent with a prior study that shows that about 29% of households dependent on an improved water source and 27% of households dependent on unimproved water sources reportedly treat their drinking water at the household level (Rosa & Clasen ) . The reported use of water treatment methods in the region is low despite the preponderance of diarrhea The use of adequate treatment methods did not differ significantly among households living in urban and rural areas although households in the rural area mostly depend on unimproved water sources. The current results did not corroborate a prior study that shows caregivers dwelling in urban areas were more likely to treat their water than those in a rural dwelling (Geremew et al. a) .
The treatment methods use was lower among households with a non-educated household head, in the poorest wealth quintile that did not own a radio where the suffering from diarrhea is highly likely. The finding complies with two independent studies of DHS data that show household water treatment is high among households with an educated household head and high wealth quintiles (Wright & Gundry ; Geremew et al. b) .
The reported water treatment did not differ considerably between households using improved and unimproved water sources and unimproved sources. This could be from a low perception about the quality of unimproved water as prior findings indicate that households perceived poor water quality show that many prefer to use traditional methods, including boiling rather than chemical methods (PATH ). In 
STRENGTHS AND LIMITATIONS
The current study has the following strengths: (1) The survey in each country is conducted every five years by taking representative samples, hence, the representativeness of the data is high. In addition, analysis of data after pooling would show the situation of household water treatment practices in the region. The limitations of the study are: (1) We used survey data which is liable to biases and the factors and outcomes fail to show cause and effect relationships. (2) The current findings could not show the actual use of products as it was a self-reported use.
(3) Only contextual factors were available in the DHS dataset, therefore it did not comprehensively show all potential factors.
CONCLUSIONS
Below one-fifth of households reportedly treat their water using adequate treatment methods in the region. Boiling and adding bleach are the predominant methods compared to others. The reported use of treatment methods is high among households with educated household heads, which owned a radio, and were in high wealth quintiles. Interventions that take into account the context of the countries should be designed and implemented for wide-scale use of treatment methods.
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